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EP 0 942 484 B1 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a nonaqueous-electrolyte secondary battery incorporating a coil electrode 
formed by laminating elongated positive and negative electrodes through separators such that the outermost layer is 
the positive electrode. 

10 

Related Background Art 

[0002] Hitherto, secondary batteries for electronic apparatuses have been nickel-cadmium batteries or lead batteries. 
The progress of the electronic technique made in recent years has caused the performance of the electronic apparatus 
15 to be improved, the size to be reduced and a portable structure to be realized. As a result, a requirement has arisen 
to raise the energy density of the secondary battery for the electronic apparatus. However, there arises a problem in 
that the energy density of the nickel-cadmium battery and that of the lead battery cannot satisfactorily be raised because 
of low discharge voltages. 

[0003] In recent years, a nonaqueous-electrolyte secondary battery has energetically been developed and re- 

20 searched as a secondary battery expected to be capable of raising the discharge voltage and realizing small self- 
discharge and a long lifetime against cycle operations. The nonaqueous-electrolyte secondary battery has been em- 
ployed in place of the nickel-cadmium battery and the lead battery. The nonaqueous-electrolyte secondary battery 
incorporates a negative electrode made of a material, such as a carbon material, which permits doping/dedoping lithium 
ions; and a positive electrode made of a composite lithium oxide, such as composite lithium-cobalt oxide. 

25 [0004] As described above, the nonaqueous-electrolyte secondary battery is required to have satisfactory charac- 
teristics including a discharge characteristic under a heavy load and lifetime against a cycle operation. Therefore, the 
structure of the electrodes of the above-mentioned nonaqueous-electrolyte secondary battery has usually been formed 
into a coil electrode structure as shown in FIG. 1 . As shown in FIG. 1 , an elongated positive electrode 1 03 incorporates 
positive-electrode-mix layers 102a and 102b formed by applying a positive-electrode mix to each of the two sides of 

30 a collector 101. An elongated negative electrode 106 similarly incorporates negative-electrode-mix layers 105a and 
1 05b formed by applying a negative-electrode mix to each of the two sides of a collector 1 04. The positive and negative 
electrodes 103 and 106 are wound such that a separator 107 is interposed so that a coil electrode 108 is formed. In 
the foregoing case, internal short circuit occurring when lithium is deposited during a charging operation must be pre- 
vented. Therefore, the width and length of the negative electrode 106 opposite to the positive electrode 103 usually 

35 are made to be larger than those of the positive electrode 103. 

[0005] The above-mentioned coil electrode 108 incorporates the negative electrode 106 which forms the innermost 
layer and the outermost layer. Therefore, portions, each containing non-reacted negative-electrode active material 
which does not concern the charge/discharge, exist adjacent to the end of the outermost layer of the negative electrode 
1 06 and the innermost layer of the same. Therefore, the inside portion of the battery cannot effectively be used. As a 

40 result, there arises a problem in that the energy density cannot satisfactorily be raised. 

[0006] To solve the above-mentioned problems, a technique has been disclosed in Japanese Patent Laid-Open No. 
5-234620. As shown in FK3. 2, an elongated positive electrode 113 incorporates positive-electrode-mix layers 112a 
and 112b formed by applying a positive-electrode mix to each of the two sides of a collector 1 11 . An elongated negative 
electrode 116 incorporates negative-electrode-mix layers 115a and 11 5b formed by applying a negative-electrode-mix 

45 to each of the two sides of a collector 114. The positive electrode 1 1 3 and the negative electrode 1 1 6 are wound such 
that a separator 117 is interposed so that a coil electrode 118 is formed. The outermost layer electrode, with which 
charge/discharge of the coil electrode 118 is performed, is made to be the positive electrode 113. Moreover, a portion 
adjacent to an outermost end 113a of the positive electrode and/or a portion adjacent to an innermost end 113b is 
formed such that the positive-electrode-mix layer 112a (only the inner positive-electrode-mix layer 112a in the foregoing 

50 case) is formed on only either main surface of the collector 111. Thus, the quantity of the non-reacted negative-electrode 
active material in the battery can be reduced. Thus, the inside portion of the battery is effectively used to raise the 
energy density correspondingly. 

[0007] However, the above-mentioned coil electrode has the structure as shown in FIG. 2 such that the outermost 
end 116a of the negative electrode 116 is formed by only the collector 114. A negative-electrode lead 119 is provided 
55 for the upper surface of the collector 1 1 4 so that a projection is formed on the upper surface. Also the positive electrode 
113 has an outermost end 113a formed by only the collector 111. If the projection exists as described above, the 
projection pierces the separator 117 disposed between the negative electrode 116 and the positive electrode 113. 
Thus, the projection is undesirably brought into contact with the collector 111 of the positive electrode 113. It leads to 
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a fact that short circuit easily takes place. As a result, a percent defective is raised and, therefore, reliability deteriorates. 

SUMMARY OF THE INVENTION 

5 [0008] In view of the foregoing, an object of the present invention is to provide a nonaqueous-electrolyte secondary 
battery which reduce the quantity of a non-reacted active material for the negative electrode in the battery to effectively 
use the inside portion of the battery so as to raise the energy density, elongate the lifetime against a cycle operation, 
prevent a defect and improve the reliability. 

[0009] According to one aspect of the present invention, there is provided a nonaqueous-electrolyte secondary bat- 
to tery including: a coil electrode formed by laminating an elongated positive electrode which has a positive-electrode- 
mix layer formed on at least either of main surfaces of a positive-electrode collector and an elongated negative electrode 
which has a negative-electrode-mix layer formed on at least either main surfaces of a negative-electrode collector and 
by winding a formed laminate such that the positive electrode is positioned at the outermost position of the coil electrode, 
wherein the positive-electrode-mix layer is formed on only either of main surfaces of the collector at the position adjacent 
15 to the outermost end of the positive electrode and/or the position adjacent to the innermost end of the positive electrode, 
the positive-electrode-mix layer is not formed on the positive-electrode collector at the outermost end of the positive 
electrode and only the positive-electrode collector is formed, the negative-electrode-mix layer is not formed on the 
negative-electrode collector at the outermost end of the negative electrode and only the negative-electrode collector 
is formed, and the outermost end of the negative-electrode collector positioned at the outermost end of the negative 
20 electrode is, in the direction from the inner portion of the coil electrode toward the outer portion of the coil electrode, 
positioned more forwards than the outermost end of the positive-electrode collector. 

[0010] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
the coil electrode incorporates a negative-electrode lead adjacent to an outermost end of the negative-electrode col- 
lector positioned at the outermost end of the negative electrode, and the negative-electrode lead is positioned more 
25 forwards than the outermost end of the positive-electrode collector positioned at the outermost end of the positive 
electrode. 

[0011] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
the coil electrode has a structure that distance L from the outermost end of the negative-electrode collector positioned 
at the outermost end of the negative electrode to the outermost end of the positive-electrode collector positioned at 
30 the outermost end of the positive electrode which are positioned in a fore-and-aft direction from the inner portion of 
the coil electrode toward the outer portion of the coil electrode satisfies the following relationship on an assumption 
that the diameter of the coil electrode is d: 

35 0<L<7ld 

[0012] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
the negative-electrode mix contains a negative-electrode material and a binder. 

[0013] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
40 the negative-electrode material is at least one type material selected from a group consisting of a crystalline metal 
oxide and an amorphous metal oxide which permit doping/dedoping lithium ions. 

[0014] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 

the positive-electrode mix contains a positive-electrode material, a conductive material and a binder. 

[0015] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
*5 the positive-electrode material is at least one type material selected from a group consisting of LiM0 2 (where M is at 

least any one of Co, Ni, Mn, Fe, Al, V and Tl) and interiayer compounds each containing Li. 

[0016] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 

the separator is made of at least one type material selected from a group consisting of polyethylene and polypropylene. 

[0017] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
so the positive-electrode collector is made of at least one type material selected from a group consisting of aluminum, 

stainless steel and nickel. 

[001 8] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
the negative-electrode collector is made of at least one type material selected from a group consisting of copper, 
stainless steel and nickel. 

55 [0019] The nonaqueous-electrolyte secondary battery according to the present invention may have a structure that 
the nonaqueous-electrolyte secondary battery contains a nonaqueous electrolyte prepared by dissolving an electrolyte 
in nonaqueous solvent, and the nonaqueous solvent is made of at least one type material selected from a group 
consisting of propylene carbonate, ethylene carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxyethane, diethylcarbonate, 
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y-butyrolactone, tetrahydrofuran, 1,3-dioxolane, 4-methyM, 3-dioxolane, diethylether, sulfolane, methylsulfolane, ac- 
etonitrile and propionitrile. 

[0020] The nonaqueous-electrolyte secondary batten/ according to the present invention may have a structure that 
the electrolyte is at least one type material selected from a group consisting of LiCI0 4l LiAsF 6 , LiPF 6 , LiBF 4> LiB(C6H 5 ) 4 , 
5 LiCI, LiBr, LiS0 3 CH 3 and LiS0 3 CF 3 . 

[0021] Other objects, features and advantages of the invention will be evident from the following detailed description 
of the preferred embodiments described in conjunction with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0022] 

FIG. 1 is a cross sectional view showing the structure of a conventional nonaqueous-electrolyte secondary battery; 
FIG. 2 is a cross sectional view showing another conventional nonaqueous-electrolyte secondary battery; 
is FIG. 3 is a cross sectional view showing the structure of a nonaqueous-electrolyte secondary battery according 

to the present invention; 

FIG. 4 is a cross sectional view showing the structure of the nonaqueous-electrolyte secondary battery according 
to the present invention; 

FIG. 5 is a perspective view showing a portion including a positive-electrode collector of the nonaqueous-electrolyte 
20 secondary battery according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] An embodiment of the present invention will now be described with reference to the drawings. 
25 [0024] An embodiment of a nonaqueous-electrolyte secondary battery according to the present invention is shown 
in FIG. 3. 

[0025] The nonaqueous-electrolyte secondary battery according to this embodiment, as shown in FIG. 3, incorpo- 
rates a positive electrode 3 having positive-electrode-mix layers 2a and 2b formed on the two sides of a positive- 
electrode collector 1 . Moreover, a negative electrode 6 incorporates negative-electrode-mix layers 5a and 5b formed 

30 on the two sides of the negative-electrode collector 4. The positive electrode 3 and the negative electrode 6 are wound 
such that a separator 7 is interposed. The separator 7 is a small-pore film made of polypropylene or polyethylene. 
Thus, a coil electrode is formed. Thus, insulating members 8 are placed on the two vertical surfaces of the coil electrode, 
followed by accommodating the coil electrode having the insulating members 8 into a battery can 9. 
[0026] A battery cover 10 is joined to the battery can 9 by crimping the battery cover 10 through a sealing gasket 

35 11. The battery cover 10 and the battery can 9 are electrically connected to the positive electrode 3 and the negative 
electrode 6 respectively through a positive-electrode lead 12 and a negative-electrode lead 13. Thus, the positive 
electrode and the negative electrode of the battery are formed. 

[0027] Note that a current-limiting thin plate 14 serving as a safety unit is provided for the battery according to this 
embodiment. The positive-electrode lead 12 is welded to the current-limiting thin plate 14 so as to electrically be con- 
40 nected to the battery cover 10 through the current-limiting thin plate 14. 

[0028] When the pressure in the battery having the above-mentioned structure has been raised, the current-limiting 
thin plate 14 is pushed upwards and therefore deformed. Thus, the positive-electrode lead 12 is cut such that a portion 
welded to the current-limiting thin plate 14 is left. As a result, the electric current is limited. 

[0029] A cross sectional structure of the nonaqueous-electrolyte secondary battery according to the present invention 
45 js shown in FIG. 4. In the nonaqueous-electrolyte secondary battery according to this embodiment, the positive-elec- 
trode-mix layer 2a is, as shown in FIG. 4, formed on only either main surface (on the inside) of the positive-electrode 
collector 1 at a position adjacent to an outermost end 3a of the positive electrode 3 and/or an innermost end 3b of the 
same. No positive-electrode-mix layer is formed on the positive-electrode collector 1 at the outermost end 3a of the 
positive electrode 3. Moreover, no negative-electrode-mix layer is formed on the negative-electrode collector 4 at an 
50 outermost end 6a of the negative electrode 6. That is, only the negative-electrode collector 4 is formed at the outermost 
end 6a. 

[0030] In a direction from the inner portion of the coil electrode 15 to the outer portion of the same, an outermost 
end of the negative-electrode collector 4, which is the outermost end 6a of the negative electrode 6, is positioned more 
forwards than the outermost end of the positive-electrode collector 1 which is the outermost end 3a of the positive 
55 electrode 3. 

[0031] As described above, the positive-electrode-mix layer 2a is formed on only either main surface of the positive- 
electrode collector 1 at the position adjacent to the outermost end 3a of the positive electrode 3 and/or the position 
adjacent to the innermost end 3b of the same. Therefore, the necessity of applying the positive-electrode mix to each 
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of the two sides of the positive-electrode collector 1 can be eliminated. Therefore, a portion to which the positive- 
electrode-mix layer 2a is applied must be formed on the main surface of the positive-electrode collector 1, as shown 
in FIG. 5. 

[0032] In the nonaqueous-electrolyte secondary battery according to the present invention, the negative-electrode 
5 lead 13 is formed adjacent to the outermost end of the negative-electrode collector 4 which is the outermost end 6a 
of the negative electrode 6 of the coil electrode 15. In a direction from the inner portion of the coil electrode 15 to the 
outer portion, the negative-electrode lead 13 is positioned more forwards than the outermost end of the positive-elec- 
trode collector 1 which is the outermost end 3a of the positive electrode 3. Note that the nonaqueous-electrolyte sec- 
ondary battery according to the present invention has a structure that a positive electrode lead (not shown) of the 
10 positive electrode 3 is disposed in the inside portion. 

[0033] An assumption will now be described which is made about the following distance of a region in the coil elec- 
trode 15 of the nonaqueous-electrolyte secondary battery according to the present invention. The distance is a distance 
in the longitudinal direction from the inner portion of the coil electrode 15 toward the outer portion of the same. The 
assumption is made that the distance from the outermost end of the negative-electrode collector 4, which is the out- 
15 ermost end 6a of the negative electrode 6, to the outermost end of the positive-electrode collector 1, which is the 
outermost end 3a of the positive electrode 3, is L. Another assumption is made that the diameter of the coil electrode 
15 is d. It is preferable that the relationship 0 < L < 7id is satisfied. 

[0034] The nonaqueous-electrolyte secondary battery according to the present invention incorporates the coil elec- 
trode 15. The coil electrode 15 is formed by laminating the elongated positive electrode 3 and the elongated negative 

20 electrode 6 which are laminated through the separator 7 such that the outermost layer is the positive electrode 3. The 
positive-electrode-mix layer 2a is formed on only either main surface of the positive-electrode collector 1 at the position 
adjacent to the outermost end 3a of the positive electrode 3 and/or the position adjacent to the innermost end 3b. In 
addition, no positive-electrode mix is formed on the positive-electrode collector 1 at the outermost end 3a of the positive 
electrode 3. Only the positive-electrode collector 1 is formed at the outermost end 3a. Moreover, no negative-electrode- 

25 mix layer is formed on the negative-electrode collector 4 at the outermost end 6a of the negative electrode 6. Only the 
negative-electrode collector 4 is formed at the outermost end 6a. 

[0035] In the direction from the inner portion of the coil electrode 15 toward the outer portion, the outermost end of 
the negative-electrode collector 4, which is the outermost end 6a of the negative electrode 6, is positioned more for- 
wards than the outermost end of the positive-electrode collector 1 which is the outermost end 3a of the positive electrode 

30 3. Therefore, the quantity of a non-reactive negative-electrode active material in the battery can be reduced. As a 
result, an effective area can be enlarged correspondingly in the battery. Thus, the inside portion of the battery can 
effectively be used, causing the energy density to be raised and the lifetime against a cycle operation to be elongated. 
[0036] The nonaqueous-electrolyte secondary battery according to the present invention incorporates the negative- 
electrode lead 13 formed adjacent to the outermost end of the negative-electrode collector 4 which is the outermost 

35 end 6a of the negative electrode 6. In the direction from the inner portion of the coil electrode 15 toward the outer 
portion of the same, the negative-electrode lead 13 is positioned more forwards than the outermost end of the positive- 
electrode collector 1 which is the outermost end 3a of the positive electrode 3. Therefore, even if the negative-electrode 
lead 13 pierces the separator 7 disposed between the coil electrode 15 and the battery can 9, the negative-electrode 
lead 1 3 is brought into contact with only the battery can 9 which is also the negative electrode. As a result, any internal 

40 short circuit occurs, no defect takes place and, therefore, the reliability can be improved. 

[0037] In the coil electrode 15 of the nonaqueous-electrolyte secondary battery according to the present invention, 
the outermost end of the negative-electrode collector 4, which is the outermost end 6a of the negative electrode 6, and 
the outermost end of the positive-electrode collector 1 , which is the outermost end 3a of the positive electrode 3, are 
positioned in the fore-and-aft direction from the inner portion of the coil electrode 15 toward the outer portion of the 

45 same. An assumption is made that the distance from the outermost end of the negative-electrode collector 4 to the 
outermost end of the positive-electrode collector 1 is L Another assumption is made that the diameter of the coil 
electrode 15 is d. In this case, it is preferable that the relationship 0 < L £ rcd is satisfied. If the foregoing structure is 
employed, no internal short circuit occurs, the energy density is furthermore raised and the lifetime against a cycle 
operation can furthermore be elongated. 

so [0038] A state will now be considered that the distance L from the outermost end of the negative-electrode collector 
4, which is the outermost end 6a of the negative electrode 6, to the outermost end of the positive-electrode collector 
1 , which is the outermost end 3a of the positive electrode 3, is shorter than the above-mentioned range. In the foregoing 
case, the outermost end of the positive-electrode collector 1 overlaps the outermost end of the negative-electrode 
collector 4. 

55 [0039] Therefore, the percent defective is raised though the energy density is not lowered. If the distance L is longer 
than the above-mentioned range, many portions are produced in which the negative electrode 6 and the positive elec- 
trode 3 are not opposite to each other. Therefore; the energy density is undesirably lowered though the percentage 
defective is not lowered. 
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[0040] The positive electrode 3 and the negative electrode 6 according to the present invention have the above- 
mentioned structures. The mix layers and collectors for constituting the positive electrode 3 and the negative electrode 
6 may be known materials. 

[0041] The positive-electrode-mix layers 2a and 2b contain a positive-electrode material, which permits lithium ions 
5 to be doped/dedoped, a conductive material and a binder. 

[0042] It is preferable that the positive-electrode material contains Li in a sufficiently large quantity. For example, it 

is preferable that to employ a composite metal oxide expressed by LiM0 2 (where M is at least one type of a material 

selected from a group consisting of Co, Ni, Mn, Fe, Al, V and Ti) and composed of Li and a transition metal; or an 

interiayer compound containing Li. 
10 [0043] The conductive material for imparting conductivity to the positive electrode and the binder for causing the 

positive-electrode material to be held by the positive-electrode collector may be known materials. 

[0044] The conductive material may be graphite or carbon black, while the binder may be fluorine resin, such as 

polyvinylidene fluoride. 

[0045] The negative-eiectrode-mix layers 5a and 5b contain the negative-electrode material which permits lithium 

15 ions to be doped/dedoped and a binder. 

[0046] The negative-electrode material may be a carbon material. The carbon material is exemplified by pyrocarbon. 
coke (pitch coke, needle coke and petroleum coke), graphite, vitreous carbon, a calcinated organic polymer compound 
(a material obtained by calcinating phenol resin, furan resin or the like), carbon fiber and active carbon. The negative- 
electrode material may be crystalline metal oxide or amorphous metal oxide which permits lithium ions to be doped/ 

20 dedoped, as well as the foregoing carbon material. 

[0047] The binder for causing the negative-electrode material to be held by the negative-electrode collector may be 
a known material. For example, the binder may be fluorine resin, such as polyvinylidene fluoride. 
[0048] The battery according to the present invention contains a known nonaqueous electrolyte in which an electro- 
lyte is dissolved in nonaqueous solvent, such as organic solvent. 

25 [0049] The organic solvent is not limited particularly. The organic solvent is exemplified by propylene carbonate, 
ethylene carbonate, 1 , 2-dimethoxyethane 1 , 2-dimethoxyethane, 1 , 2-diethoxyethane, diethyl carbonate, y-butyrolac- 
tone, tetrahydrofuran, 1 ,3-dioxolane, 4-methyI-1, 3-dioxolane, diethylether, sulfolane, methylsulfolane, acetonitrile and 
propionitrile. Any one of the foregoing material may be employed or a mixture of the same may be employed as mixed 
solvent. 

30 [0050] The electrolyte is not limited particularly. The electrolyte is exemplified by LiCI0 4 , LiAsF 6 , LiPF 6 , LiBF 4 , LiB 
(C 6 H 5 ) 4> LiCI, LiBr, LiS0 3 CH 3 and LiS0 3 CF 3 . 

[0051] The material of the separator 7 is not limited particularly. The material is exemplified by woven fabric, unwoven 
fabric or small-pore film made of synthetic resin. In particular, the small-pore film made of synthetic resin is a preferred 
material. Moreover, a polyolefine small-pore film is a preferred material in viewpoints of realizing a required thickness, 

35 strength of the formed film and resistance of the film. Specifically, the following materials may be employed: a small- 
pore film made of polyethylene or polypropylene or a small-pore film made of a mixture of the foregoing materials. 
[0052] The shape of the collector of the electrode is not limited particularly. A foil structure, a mesh structure or a net 
structure made of expand metal may be employed. It is preferable that the positive-electrode collector 1 is made of, 
for example, aluminum, stainless steel or nickel. It is preferable that the negative-electrode collector 4 is made of, for 

40 example, copper, stainless steel or nickel. 

[0053] The battery can 9 may be made of iron, nickel, stainless steel or aluminum. If electrochemical corrosion occurs 
in the nonaqueous electrolyte containing the above-mentioned material during the operation of the battery, plating may 
be performed. 

45 Examples 

[0054] Examples of the present invention will now be described with results of experiments. 
Manufacturing of Samples> 

50 

Sample 1 

[0055] Initially, the negative electrode was manufactured as follows. 

[0056] Petroleum pitch was employed as a starting material, followed by calcinating the petroleum pitch so that 
55 coarse pitch coke was obtained. The coarse pitch coke was pulverized so that powder having an average particie size 
of 40 jim was obtained. Then, the obtained powder was calcinated in an inactive gas at 1 000°C to remove impurities. 
Thus, coke powder was obtained. 

[0057] Then, 90 parts by weight of thus-obtained coke powder, serving as a carrier for negative-electrode active 
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material, and 10 parts by weight of polyvinylidene fluoride (PVDF) serving as a binder were mixed. Thus, a negative- 
electrode mix was prepared, followed by dispersing the negative-electrode mix in N-methylpyrolidone which serves as 
solvent. As a result, negative-electrode mix slurry was obtained. The negative-electrode mix slurry was applied to the 
two sides of a negative-electrode collector in the form of copper foil having a thickness of 10 urn. Then, the applied 

5 solvent was dried. The negative-electrode collector was compression-molded with a roller pressing machine. As a 
result, an elongated negative electrode was obtained which had a width of 41.5 mm and a length of 250 mm. The 

$ thickness of the negative-electrode-mix layer on each side of the negative-electrode collector was 105 urn. The neg- 
ative-electrode-mix layer was not formed on the negative-electrode collector of the negative electrode at the outermost 
end. A portion formed by only the negative-electrode collector was created. 

w [0058] On the other hand, the positive electrode was manufactured as follows. 

[0059] That is, 0.05 mole of lithium carbonate and 1 mole of cobalt carbonate were mixed with each other, and then 
the mix was calcinated at 900°C in air for 5 hours. Thus, LiCo0 2 was obtained. 

[0060] Then, obtained LiCo0 2 was used as a positive-electrode active material such that 91 parts by weight of 
LiCo0 2 , 6 parts by weight of graphite serving as a conductive material and 3 parts by weight of polyvinylidene fluoride 

15 (PVDF) serving as a binder were mixed with each other. Thus; a positive-electrode mix was prepared. Then, the ob- 
tained positive-electrode mix was dispersed in N-methylpyrolidone so that positive-electrode mix slurry was obtained. 
The positive-electrode mix slurry was applied to a region of only either side of a positive-electrode collector made of 
elongated aluminum foil having a thickness of 20 urn, the region having a length of 247 mm. Then, the positive-electrode 
mix slurry was dried. Then, positive-electrode mix slurry was applied to the other main surface of the positive-electrode 

20 collector in a region having a length of 167 mm such that a position at which the application was started was made 
coincide with the above-mentioned positive-electrode mix slurry. Then, the positive-electrode mix slurry was dried, 
followed by compressing the two sides of the positive-electrode collector with a roll to compression-mold the positive- 
electrode collector. Thus, an elongated positive electrode was obtained which had a width of 39.5 mm. The positive 
electrode incorporated a portion having two sides on each of which the positive-electrode-mix layer was formed, the 

25 portion having a length of 167 mm. A portion of the positive electrode, on either side of which the positive-electrode- 
mix layer was formed, had a length of 80 mm. The thickness of each of the positive-electrode-mix layers was 80 u.m. 
The positive electrode had the outermost end and the innermost end each incorporating a portion in which the positive- 
electrode-mix layer was not formed and in which only the positive-electrode collector was formed. 
[0061] The thus-manufactured elongated positive electrode and the negative electrode and two separators, each of 

30 which had a thickness of 25 urn and a width of 44 mm and which were in the form of small-pore polypropylene films, 
were laminated. The laminate had four layers formed by sequentially laminating the negative electrode, the separator, 
the positive electrode and the separator in this sequential order. The laminate was lengthwise wound plural times. 
Thus, a spiral shape was formed which had a structure that the portion in which only either side of the positive-electrode 
collector had the positive-electrode-mix layer was first wound and the negative electrode was placed inside. The end 

35 of the outermost separator was secured with a tape. Thus, a coil electrode was manufactured. The negative electrode 
of the coil electrode was longer than the positive electrode of the same. Therefore, in the direction from the inner portion 
of the coil electrode toward the outer portion, the outermost end of the negative electrode collector which was the 
outermost end of the negative electrode was, as a matter of course, positioned more forwards than the outermost end 
of the positive electrode collector which was the outermost end of the positive electrode. 

40 [0062] The outer diameter of the coil collector was 1 3 mm, while the inner diameter of a hollow portion formed in the 
central portion of the coil collector was 3.5 mm. The outermost end of the negative-electrode collector which was the 
outermost end of the negative electrode and the outermost end of the positive-electrode collector which was the out- 
ermost end of the positive electrode were positioned apart from each other in the fore-and-aft direction for distance L 
which was 35 mm. 

45 [0063] In this embodiment, the negative-electrode lead was positioned at the outermost end of the negative electrode, 
while the positive-electrode lead was positioned at the innermost end of the positive electrode. 
[0064] The thus-manufactured coil electrode was accommodated in an iron battery can applied with nickel plating. 
An insulating plate was placed on each of the upper and lower sides of the coil electrode. The positive-electrode lead 
was connected to the battery cover by welding, while the negative-electrode lead was connected to the battery can by 

50 welding. 

[0065] Then, a nonaqueous electrolyte was prepared by dissolving, at a concentration of 1 mole/liter, LiPF 6 in a 
mixed solvent which contained propylene carbonate and diethyl carbonate in the same quantities. Then, 3.0 g of the 
nonaqueous electrolyte was injected into the battery can so as to be impregnated into the coil electrode. Then, the 
battery can was crimped through an insulating sealing gasket applied with asphalt so that the battery cover was secured. 
55 Thus, the hermeticity in the battery was maintained. 

[0066] Thus, a cylindrical nonaqueous-electrolyte secondary battery (having a diameter of 14 mm and a height of 
50 mm) was manufactured. The foregoing cylindrical nonaqueous-electrolyte secondary battery was called Sample 1 
for convenience. 
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Samples 2, 3, 4 to 6, 11 and 12 

[0067] Cylindrical nonaqueous-electrolyte secondary batteries were manufactured by a method similar to that for 
manufacturing Sample 1 except for a structure in which the distance from the outermost end of the negative electrode 

5 to the outermost end of the positive electrode which was varied as shown in Table 1 . The foregoing secondary batteries 
were called Samples 4 to 6, 1 1 and 12. To perform comparisons, cylindrical nonaqueous-electrolyte secondary batteries 
were manufactured by a method similar to that for manufacturing Sample 1. In this case, as shown in Table 1, the 
cylindrical nonaqueous-electrolyte secondary batteries were different from Sample 1 as follows: the distance from the 
outermost end of the negative electrode and the outermost end of the positive electrode was - 2 mm; the positive- 

10 electrode collector overlapped the negative-electrode collector in the outermost portion; the distance from the outermost 
end of the negative electrode to the outermost end of the positive electrode was 0 mm; and the end of the negative- 
electrode collector and the end of the positive-electrode collector coincided with each other in the outermost portion. 
The foregoing comparative samples were called Samples 2 and 3 for convenience. Samples 4 to 6 t 11, 12, 2 and 3 
were structured such that the outer diameter of the coil electrode was made to be 13 mm by adjusting the lengths of 

15 the positive-electrode-mix layers formed on the two sides of the positive electrode and the lengths of the negative- 
electrode-mix layers formed on the two sides of the negative electrode. 



20 Table 1 





Length of 
Positive-Electrode- 
Mix Layer Formed 
on Either Side of 
Positive Electrode 
at Innermost End 

of Positive 
Electrode (mm) 


Len°th of 
Positive-Electrode- 
Mix Layer Formed 
on Either Side of 
Positive Electrode 
at Outermost End 

of Positive 
Electrode (mm) 


Length of 
Positive-Electrode 
-Mix Layers 
Formed on Two 
Sides of Positive 
Electrode 
(mm) 


Sample 1 


80 


0 


167 


Sample 2 


80 


0 


167 


Sample 3 


80 


0 


167 


Sample 4 


60 


0 


1S2 


Sample 5 


40 


0 


197 


Sample 6 


20 


0 


201 


Sample 7 


0 


5 


205 


Sample 8 


0 


15 


202 


Sample 9 


0 


50 


176 | 



55 
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Sample 10 


40 


10 


194 


Sample 11 


60 


0 


179 


Sample 12 


60 


0 


177 


Sample 13 


60 


0 


176 


Sample 14 


395 




0 


Sample 15 


395 




0 





Length of 
Negative-Electrode 
-Mix Layers 
Formed on Two 
Sides of Negative 
Electrode 
(mm) 


Length of 
Negative -Electrode 

-Mix Layers 
Formed on Either 
Side of Negative 
Electrode 
(mm) 


Distance from 
Outermost End of 
Negative 
blectrode to 
Outermost End of 
Positive Electrode 

f TY\tT\\ 






0 


25 


Sample 2 


250 


0 


-2 


Sample 3 


250 


0 


0 


Sample 4 


245 


0 


15 


Sample 5 


240 


0 


10 


Sample 6 


224 


0 


17 


Sample 7 


213 


0 


33 


Sample 8 


220 


0 


35 


Sample 9 


229 


0 


50 


Sample 10 


247 


0 


5 


Sample 11 


243 


0 


27 


Sample 12 


241 


0 


38 
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Sample 13 


239 


0 


43 


Sample 14 


0 


39S 


35 


Sample 15 


0 


39S 


0 





Energy Density 
Katio (Vo) 


Percent 
Uerective [Vc) 


oample 1 


100.0 


3 


Sample 2 


100.0 


20 


Sample 3 


100.0 


18 


Sample 4 


102.4 


3 


Sample 5 


104.8 


1 • 


Sample 6 


101.9 


1 


Sample 7 


100.2 


2 


Sample 8 


101.2 


2 


Sample 9 


97.1 


1 


Sample 10 


105.8 


6 


Sample 11 


101.0 


1 


Sample 12 


100.0 


2 


Sample 13 


99.5 


-> 


Sample 14 


95.0 


2 


Sample 15 


95.0 


20 



Samples 7 to 9 

[0068] Processes similar to that for manufacturing Sample 1 were performed except for structures in which the pos- 
itive-electrode-mix layer was formed on only either side adjacent to the innermost end of the positive electrode. More- 
over, the distance from the outermost end of the negative electrode to the outermost end of the positive electrode was 
varied as shown in Table 1 . Thus, cylindrical nonaqueous-electrolyte secondary batteries were manufactured. The 
thus-manufactured cylindrical nonaqueous-electrolyte secondary batteries were called Samples 7 to 9 for convenience. 
Samples 7 to 9 were structured such that the outer diameter of the coil electrode was made to be 13 mm by adjusting 
the lengths of the positive-electrode-mix layers formed on the two sides of the positive electrode and the lengths of 
the negative-electrode-mix layers formed on the two sides of the negative electrode. 

Sample 10 

[0069] A cylindrical nonaqueous-electrolyte secondary battery was manufactured by a method similar to that for 
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manufacturing Sample 1 except for structures in which the positive-electrode-mix layer was formed on only either side 
at positions adjacent to the innermost and outermost ends of the positive electrode. Moreover, the distance from the 
outermost end of the negative electrode to the outermost end of the positive electrode was varied as shown in Table 
1. The thus-manufactured cylindrical nonaqueous-electrolyte secondary battery was called Sample 10 for convenience. 
5 Sample 10 was structured such that the outer diameter of the coil electrode was made to be 1 3 mm by adjusting the 
lengths of the positive-electrode-mix layers formed on the two sides of the positive electrode. 

Sample 14 and 15 

w [0070] Cylindrical nonaqueous-electrolyte secondary batteries were manufactured by a method similar to that for 
manufacturing Sample 1 except for structures in which the positive-electrode-mix layer was formed on the overall 
length of only either side of the positive electrode and the negative electrode. Moreover, the distance from the outermost 
end of the negative electrode to the outermost end of the positive electrode was varied as shown in Table 1 . The thus- 
manufactured cylindrical nonaqueous-electrolyte secondary batteries were called Samples 14 and 15 for convenience. 

15 Sample 1 4 and 1 5 were structured such that the outer diameter of the coil electrode was made to be 1 3 mm by adjusting 
the lengths of the positive-electrode-mix layers formed on the two sides of the positive electrode. 

<Evaluation of Samples> 

20 [0071] Each of samples 1 to 15 was charged for 8 hours at a charging voltage of 4.20 V with a charging current of 
300 mA, and then the foregoing samples were, with a load of 600 mA, discharged to 2.75 V. Thus, the energy densities 
were measured. Assuming that the result of Sample 3 was 100, the energy densities of the sample batteries with 
respect to 100 were obtained. Also results were shown in Table 1. Moreover, a percentage defective of each battery 
was obtained and also results were shown in Table 1. 
25 [0072] Comparisons were performed by using results shown in Table 1 among Samples 2, 3 and 15 and samples 1, 
4 to 14 according to the present invention. Samples 2, 3 and 15 were structured such that the distance from the 
outermost end of the negative electrode to the outermost end of the positive electrode was - 2 mm. Therefore, the 
positive-electrode collector overlapped the negative-electrode collector in the outermost portion. As an alternative to 
this, the distance from the outermost end of the negative electrode to the outermost end of the positive electrode was 
30 o mm. Therefore, the end of the negative-electrode collector and the end of the positive-electrode collector coincided 
with each other in the outermost portion. Samples 1, 4 to 14 according to the present invention were manufactured 
such that the outermost end of the negative-electrode collector which was the outermost end of the negative electrode 
was, in a direction from the inner portion of the coil electrode toward the outer portion of the same; positioned more 
forwards than the outermost end of the positive-electrode collector which was the outermost end of the positive elec- 
ts trode. As a result of the comparisons, the samples according to the present invention enabled the percentage defective 
to considerably be reduced without reduction in the energy density. 

[0073] Samples 1 and 4 to 14 according to the present invention were structured such that the outermost end of the 
negative-electrode collector which was the outermost end of the negative electrode was, in a direction from the inner 
portion of the coil electrode toward the outer portion of the same, positioned more forwards than the outermost end of 

^0 the positive-electrode collector which was the outermost end of the positive electrode. Samples 1 , 4 to 8 and 1 0 to 14 
among the foregoing samples 1 and 4 to 14 were structured such that the distance L from the outermost end of the 
negative-electrode collector which was the outermost end of the negative electrode to the outermost end of the positive- 
electrode collector which was the outermost end of the positive electrode satisfied 0 < L ^ rcd on an assumption that 
the diameter of the coil electrode was d. Sample 9 did not satisfy the above-mentioned relationship. When the foregoing 

45 samples were compared with one another, Sample 9 encountered somewhat reduction in the energy density. 

[0074] Samples 14 and 15, having the electrode mix layer formed on only either side of each of the collectors of both 
of the positive electrode and the negative electrode, were subjected to a comparison. When the electrode mix layer 
was formed on only either side of the collector, Sample 14 according to the present invention enabled the percentage 
defective to considerably be reduced without reduction in the energy density. On the other hand, Sample 15 to which 

so the present invention is not applied encountered a high percentage defective. 

[0075] As can be understood from the above-mentioned results, the structure of the present invention in which the 
elongated positive and negative electrodes were laminated through separators, followed by winding a laminate such 
that the positive electrode forms the outermost layer so that a coil electrode is formed. Moreover, the positive-electrode- 
mix layer is formed on only either main surface of the collector at a position adjacent to the outermost end of the positive 

55 electrode and/or a position adjacent to the innermost end. At the outermost end of the positive electrode; the positive- 
electrode-mix layer is not formed on the positive-electrode collector, that is, only the positive-electrode collector is 
formed. At the outermost end of the negative electrode, the negative-electrode collector is not formed on the negative- 
electrode collector, that is, only the negative-electrode collector is formed. In the direction from the inner portion of the 
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coil electrode toward the outer portion of the same, the outermost end of the negative-electrode collector, which is the 
outermost end of the negative electrode, is positioned more forwards than the outermost end of the positive-electrode 
collector which is the outermost end of the positive electrode. Thus, non-reacted active material for the negative elec- 
trode in the battery can be reduced. Thus, an effective area can be enlarged in the battery correspondingly. Therefore, 
the inside portion of the battery can effectively be used, causing the energy density to be raised. Thus, elongation of 
lifetime against cycle operations was confirmed. 

[0076] In the present invention, the negative-electrode lead is formed adjacent to the outermost end of the negative- 
electrode collector which is the outermost end of the negative electrode. In the direction from the inner portion of the 
coil electrode toward the outer portion of the same, the negative-electrode lead is positioned more forwards than the 
outermost end of the positive-electrode collector which is the outermost end of the positive electrode. Thus, even if 
the negative-electrode lead pierces the separator disposed between the coil electrode and the battery can, the negative- 
electrode lead is brought into contact with only the battery can which is the same negative electrode. Therefore, internal 
short circuit does not take place and, therefore, any defect occurs. Thus, the reliability can be improved. 
[0077] In the present invention, the outermost end of the negative-electrode collector, which is the outermost end of 
the negative electrode, and the outermost end of the positive-electrode collector, which is the outermost end of the 
positive electrode, are positioned fore-and-aft in the distance from the inner portion of the coil electrode toward the 
outer portion of the same. Assuming that the distance from the outermost end of the negative-electrode collector to 
the outermost end of the positive-electrode collector is L and the diameter of the coil electrode is d, the relationship 0 
< L < Ted is satisfied. Thus, the energy density can furthermore be raised and the lifetime against the cycle operation 
can furthermore be elongated. 

[0078] The diameter of the cylindrical nonaqueous-electrolyte secondary battery was varied to 18 mm and 20 mm 
to evaluate each of the manufactured cylindrical nonaqueous-electrolyte secondary batteries. Thus, similar tendencies 
to those shown with the above-mentioned samples were shown. 

[0079] An elliptical coil electrode was manufactured as the coil electrode so that a nonaqueous-electrolyte secondary 
battery which was a rectangular battery having a thickness of 9 mm, a width of 34 mm and a height of 48 mm was 
manufactured so as to be evaluated. The outermost end of the negative-electrode collector which was the outermost 
end of the negative electrode was positioned more forwards than the outermost end of the positive-electrode collector 
which was the outermost end of the positive electrode. The distance from the outermost end of the negative-electrode 
collector positioned at the outermost end of the negative electrode to the outermost end of the positive-electrode col- 
lector positioned at the outermost end of the positive electrode which were positioned fore-and-aft was not longer than 
the circumference. In this case, reduction of the percentage defective was enabled without reduction in the energy 
density. 

[0080] As described above, the nonaqueous-electrolyte secondary battery according to the present invention incor- 
porates: a coil electrode formed by laminating an elongated positive electrode and an elongated negative electrode 
through a separator and by winding a formed laminate such that the positive electrode is positioned at the outermost 
position, wherein the positive-electrode-mix layer is formed on only either main surface of the collector at the position 
adjacent to the outermost end of the positive electrode and/or the position adjacent to the innermost end, the positive- 
electrode-mix layer is not formed on the positive-electrode collector at the outermost end of the positive electrode and 
only the positive-electrode collector is formed, the negative-electrode-mix layer is not formed on the negative-electrode 
collector at the outermost end of the negative electrode and only the negative-electrode collector is formed, and the 
outermost end of the negative-electrode collector positioned at the outermost end of the negative electrode is, in the 
direction from the inner portion of the coil electrode toward the outer portion of the same, positioned more forwards 
than the outermost end of the positive-electrode collector. Therefore, the non-reacted active material for the negative 
electrode in the battery can be reduced. Thus, the effective battery area can be enlarged correspondingly. Therefore, 
the inside portion of the battery can effectively be used, causing the energy density to be raised and the lifetime against 
a cycle operation to be elongated. 

[0081] The nonaqueous-electrolyte secondary battery according to the present invention incorporates the negative- 
electrode lead formed adjacent to the outermost end of the negative-electrode collector positioned at the outermost 
end of the negative electrode and the negative-electrode collector is, in the direction from the inner portion of the coil 
electrode toward the outer portion of the same, positioned more forwards than the outermost end of the positive- 
electrode collector. Thus, even if the negative-electrode lead pierces the separator disposed between the coil electrode 
and the battery can, the negative-electrode lead is brought into contact with only the battery can which is also the 
negative electrode. Therefore, internal short circuit can be prevented, any defect can be prevented, and the reliability 
can be improved. 

[0082] The coil electrode of the nonaqueous-electrolyte secondary battery according to the present invention is struc- 
tured such that the distance L from the outermost end of the negative-electrode collector positioned at the outermost 
end of the negative electrode to the outermost end of the positive-electrode collector positioned at the outermost end 
of the positive electrode which are positioned fore-and-aft in the direction from the inner portion of the coil electrode 
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toward the outer portion of the same satisfies 0 < L £ tkJ on an assumption that the diameter of the coil electrode is d. 
Thus, internal short circuit can be prevented, the energy density can furthermore be raised and the lifetime against a 
cycle operation can furthermore be elongated. 

[0083] Although the invention has been described in its preferred form and structure with a certain degree of partic- 
ularity, it is understood that the present disclosure of the preferred form can be changed in the details of construction 
and in the combination and arrangement of parts without departing from the scope of the invention as hereinafter 
claimed. 



Claims 

1 . A nonaqueous-electrolyte secondary battery comprising: 

a coil electrode formed by laminating an elongated positive electrode which has a positive-electrode-mix layer 
formed on at least either of main surfaces of a positive-electrode collector and an elongated negative electrode 
which has a negative-electrode-mix layer formed on at least either main surfaces of a negative-electrode 
collector and by winding a formed laminate such that said positive electrode is positioned at the outermost 
position of said coil electrode, wherein 

said positive-electrode-mix layer is formed on only either of main surfaces of said collector at the position 
adjacent to the outermost end of said positive electrode and/or the position adjacent to the innermost end of 
said positive electrode, said positive-electrode-mix layer is not formed on said positive-electrode collector at 
the outermost end of said positive electrode and only said positive-electrode collector is formed, 
said negative-electrode-mix layer is not formed on said negative-electrode collector at the outermost end of 
said negative electrode and only said negative-electrode collector is formed, and 

the outermost end of said negative-electrode collector positioned at the outermost end of said negative elec- 
trode is, in the direction from the inner portion of said coil electrode toward the outer portion of said coil elec- 
trode, positioned more forwards than the outermost end of said positive-electrode collector. 

2. A nonaqueous-electrolyte secondary battery according to claim 1 , wherein 

said coil electrode incorporates a negative-electrode lead adjacent to an outermost end of said negative- 
electrode collector positioned at the outermost end of said negative electrode, and 

said negative-electrode lead is positioned more forwards than the outermost end of said positive-electrode 
collector positioned at the outermost end of said positive electrode. 

3. A nonaqueous-electrolyte secondary battery according to claim 1, wherein 

said coil electrode has a structure that distance L from the outermost end of said negative-electrode collector 
positioned at the outermost end of said negative electrode to the outermost end of said positive-electrode collector 
positioned at the outermost end of said positive electrode which are positioned in a fore-and-aft direction from the 
inner portion of said coil electrode toward the outer portion of said coil electrode satisfies the following relationship 
on an assumption that the diameter of the coil electrode is d: 

0 < L £ Jtd 

4. A nonaqueous-electrolyte secondary battery according to claim 1 , wherein 

said negative-electrode mix contains a negative-electrode material and a binder. 

5. A nonaqueous-electrolyte secondary battery according to claim 4, wherein 

said negative-electrode material is at least one type material selected from a group consisting of a crystalline 
metal oxide and an amorphous metal oxide which permit doping/dedoping lithium ions. 

6. A nonaqueous-electrolyte secondary battery according to claim 1 , wherein said positive-electrode mix contains a 
positive-electrode material, a conductive material and a binder. 

7. A nonaqueous-electrolyte secondary battery according to claim 6, wherein 

said positive-electrode material is at least one type material selected from a group consisting of UM0 2 (where 
M is at least any one of Co, Ni, Mn, Fe, Al, V and 71) and interlayer compounds each containing Li. 



13 



EP 0 942 484 B1 



8. A nonaqueous-electrolyte secondary battery according to claim 1 , wherein 

said separator is made of at least one type material selected from a group consisting of polyethylene and 
polypropylene. 

9. A nonaqueous-electrolyte secondary battery according to claim 1 , wherein 

said positive-electrode collector is made of at least one type material selected from a group consisting of 
aluminum, stainless steel and nickel. 

10. A nonaqueous-electrolyte secondary battery according to claim 1, wherein 

said negative-electrode collector is made of at least one type material selected from a group consisting of 
copper, stainless steel and nickel. 

1 1 . A nonaqueous-electrolyte secondary battery according to claim 1 , wherein 

said nonaqueous-electrolyte secondary battery contains a nonaqueous electrolyte prepared by dissolving an 
electrolyte in nonaqueous solvent, and 

said nonaqueous solvent is made of at least one type material selected from a group consisting of propylene 
carbonate, ethylene carbonate, 1 , 2-dimethoxyethane, 1 , 2-diethoxyethane, diethylcarbonate, ^butyrolactone, 
tetrahydrofuran, 1,3-dioxolane, 4-methyl-1, 3-dioxolane, diethylether, sulfolane, methylsulfolane, acetonitrile 
and propionitrile. 

12. A nonaqueous-electrolyte secondary battery according to claim 11, wherein 

said electrolyte is at least one type material selected from a group consisting of LiCI0 4 , LiAsF 6 , LiPF fi LiBF d 
LiB(C 6 H 5 ) 4 , LiCI, LiBr, USO3CH3 and USO3CF3 



Patentanspruche 

1. Sekundarbatterie mit nicht-wassrigem Elektrolyten, umfassend: 

einen Elektrodenwickel erhalten durch Laminieren einer langserstreckten positiven Elektrode, bei der auf zu- 
mindest einer der Hauptflachen eines positiven Elektrodenkoilektors eine Schicht einer positiven Elektroden- 
mischung aufgetragen ist, und einer langserstreckten negativen Elektrode, bei der auf zumindest einer der 
Hauptflachen eines negativen Elektrodenkoilektors eine negative Elektrodenmischung aufgetragen ist, wobei 
das Laminat in der Weise gewickelt ist, dass die positive Elektrode an der au&eren Seite des Elektrodenwickels 
liegt, wobei 

die Schicht der positiven Elektrodenmischung nur an einer Stelle, die an das au&ere Ende der positiven Elek- 
trode angrenzt und/oder an einer Stelle, die an das innere Ende der positiven Elektrode angrenzt, auf eine 
der Hauptflachen des Kollektors aufgetragen ist, und auf dem au&eren Ende der positiven Elektrode die 
Schicht der positiven Elektrodenmischung nicht auf den positiven Elektrodenkollektor aufgetragen ist, also 
nur der Kollektor der positiven Elektrode vorliegt, 

am au&eren Ende der negativen Elektrode die Schicht aus der negativen Elektrodenmischung nicht auf den 
Kollektor der negativen Elektrode aufgetragen ist, also nur der Kollektor der negativen Elektrode vorliegt, und 
wobei in Richtung vom inneren Abschnitt der gewickelten Elektrode zum au&eren Abschnitt der gewickelten 
Elektrode gesehen das am au&eren Ende der negativen Elektrode liegende au&ere Ende des negativen Elek- 
trodenkoilektors weiter vorne angeordnet ist als das au&ere Ende des Kollektors der positiven Elektrode. 

2. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1 , wobei 

der Elektrodenwickel einen Anschluss fur die negative Elektrode aufweist, der an das au&ere Ende des am 
au&eren Ende der negativen Elektrode liegenden negativen Elektrodenkoilektors anschlie&t, und 
der Anschluss der negativen Elektrode weiter vome liegt als das au&ere Ende des am au&eren Ende der 
positiven Elektrode liegenden positiven Elektrodenkoilektors. 

3. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1 , wobei 

der Elektrodenwickel so gestaltet ist, dass ein Abstand L zwischen dem au&eren Ende des am au&eren 
Ende der negativen Elektrode angeordneten negativen Elektrodenkoilektors und dem au&eren Ende des am au- 
&eren Ende der positiven Elektrode angeordneten positiven Elektrodenkoilektors, wobei diese in Langsrichtung 
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von dem inneren Abschnitt des Elektrodenwickels zum aulieren Abschnitt des Elektrodenwickels hintereinander 
angeordnet sind, die folgende Beziehung erfullt, unter der Annahme, dass der Durchmesser des Elektrodenwickels 
d entsprlcht: 

0 < L < 7td. 

4. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1, wobei 

die negative Elektrodenmischung ein Material fur die negative Elektrode und ein Bindemittel umfasst. 

5. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 4, wobei 

das Material der negativen Elektrode zumindest eine Art von Material ist, das ausgewahlt ist aus einer Grup- 
pe, welche besteht aus einem kristallinen Metalloxid und einem amorphen Metalloxid, welche das Dotieren und 
Dedotieren von Lithiumionen ermoglichen. 

6. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1, wobei die positive Elektrodenmischung ein 
Material fur die positive Elektrode, ein leitfahiges Material und ein Bindemittel umfasst. 

7. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 6, wobei 

das positive Elektrodenmaterial zumindest eine Art von Material umfasst, das ausgewahlt ist aus einer Grup- 
pe, welche aus LiM0 2 (wobei M zumindest eines ist von Co, Ni, Mn, Fe, Al, V und Ti) und Einlagerungsverbindungen 
besteht, welche jeweils Li enthalten. 

8. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1 , wobei 

der Separator aus zumindest einem der Materialien hergestellt ist, welche ausgewahlt sind aus einer Gruppe, 
bestehend aus Polyethylen und Polypropylen. 

9. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1, wobei 

der positive Elektrodenkollektor aus zumindest einem der Materialien hergestellt ist, die ausgewahlt sind aus 
einer Gruppe, bestehend aus Aluminium, rostfreiem Stahl und Nickel. 

10. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1, wobei 

der negative Elektrodenkollektor aus zumindest einem der Materialien hergestellt ist, die ausgewahlt sind 
aus einer Gruppe, bestehend aus Kupfer, rostfreiem Stahl und Nickel. 

11. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 1, wobei 

diese einen nicht-wassrigen Elektrolyten enthalt, der hergestellt ist durch Losen eines Elektrolyten in einem 
nicht-wassrigen Ldsungsmittel, und 

das nicht-wassrige Ldsungsmittel zumindest aus einem der Materialien hergestellt ist, welche ausgewahlt sind 
aus einer Gruppe, bestehend aus Propylencarbonat, Ethylencarbonat, 1,2-Dimethoxyethan, 
1,2-Diethoxyethan, Diethylcarbonat, Y-Butyrolacton, Tetrahydrofuran, 1,3-Dioxolan, 4-Methyl-1 ,3-dioxolan, 
Diethylether, Sulfolan, Methylsulfolan, Acetonitril und Propionitril. 

12. Sekundarbatterie mit nicht-wassrigem Elektrolyten nach Anspruch 11, wobei 

der Elektrolyt zumindest eines der Materialien ist, die ausgewahlt sind aus einer Gruppe, bestehend aus 
LiCI0 4 , LiAsF 6 , LiPF 6 , LiBF 4 , LiB(C 6 H 5 ) 4 , LiCI, LiBr, LiS0 3 CH 3 und LiS0 3 CF 3 . 



Revendlcations 

1 . Accumulateur secondaire a electrolyte non aqueux comprenant : 

une electrode en bobine formee en stratifiant une electrode positive allongee qui presente une couche de 
melange d'electrode positive formee sur au moins rune des surfaces principals d'un collecteur d'electrode 
positive et une electrode negative allongee qui presente une couche de melange d'electrode negative formee 
sur au moins Tune des surfaces principales d'un collecteur d'electrode negative et en enroulant un stratifie 
forme de telle sorte que ladite electrode positive est disposee sur la position exterieure de ladite electrode en 



15 



EP 0 942 484 B1 



bobine, dans lequel 

ladite couche de melange d'electrode positive est formee sur uniquement Tune des surfaces principales dudit 
collecteur a la position adjacente de I'extremite exterieure de ladite electrode positive et/ou a la position ad- 
jacente de I'extremite interieure de ladite electrode positive, ladite couche de melange d'electrode positive 
n'est pas formee sur ledit collecteur d'electrode positive a I'extremite exterieure de ladite electrode positive et 
seul ledit collecteur d'electrode positive est forme, 

ladite couche de melange d'electrode negative n'est pas formee sur ledit collecteur d'electrode negative a 
I'extremite exterieure de ladite electrode negative et seul ledit collecteur d'electrode negative est forme, et 
I'extremite exterieure dudit collecteur d'electrode negative disposee a I'extremite exterieure de ladite electrode 
negative se trouve, dans la direction allant de la partie interne de ladite electrode en bobine vers la partie 
exteme de ladite electrode en bobine, disposee plus en avant que I'extremite exterieure dudit collecteur d'elec- 
trode positive. 

2. Accumulates secondare a electrolyte non aqueux selon la revendication 1, dans lequel 

ladite electrode en bobine incorpore un conducteur d'electrode negative adjacent a une extremite exterieure 
dudit collecteur d'electrode negative dispose a I'extremite exterieure de ladite electrode negative, et 
ledit conducteur d'electrode negative est dispose plus en avant de I'extremite exterieure dudit collecteur d'elec- 
trode positive dispose a I'extremite exterieure de ladite electrode positive. 

3. Accumulates secondaire a electrolyte non aqueux selon la revendication 1 , dans lequel 

ladite electrode en bobine presente une structure telle que la distance L de I'extremite exterieure dudit col- 
lecteur d'electrode negative dispose a I'extremite exterieure de ladite electrode negative jusqu'a I'extremite exte- 
rieure dudit collecteur d'electrode positive dispose a I'extremite exterieure de ladite electrode positive qui sont 
disposes dans une direction longitudinale allant de la partie interne de ladite electrode en bobine vers la partie 
externe de ladite electrode en bobine satisfait la relation suivante en supposant que le diametre de I'electrode en 
bobine est d: 



0 < L < icd 

4. Accumulateur secondaire a electrolyte non aqueux selon la revendication 1 , dans lequel 

ledit melange d'electrode negative contient un materiau d'electrode negative et un liant. 

5. Accumulateur secondaire a electrolyte non aqueux selon la revendication 4, dans lequel 

ledit materiau d'electrode negative est un materiau d'au moins un type choisi parmi un oxyde metallique 
cristallin et un oxyde metallique amorphe qui permet le dopage/dedopage d'ions lithium. 

6. Accumulateur secondaire a electrolyte non aqueux selon la revendication 1, dans lequel 

ledit melange d'electrode positive contient un materiau d'electrode positive, un materiau conducteur et un 

liant. 

7. Accumulateur secondaire a electrolyte non aqueux selon la revendication 6, dans lequel 

ledit materiau d'electrode positive est un materiau d'au moins un type choisi parmi LiM0 2 (ou M est Tun 
quelconque parmi Co, Ni, Mn, Fe, Al, V et 71) et des composes de couche intermediate contenant chacun Li. 

8. Accumulateur secondaire a electrolyte non aqueux selon la revendication 1, dans lequel 

ledit separateur est constitue d'un materiau d'au moins un type choisi parmi le polyethylene et le polypropy- 
lene. 

9. Accumulateur secondaire a electrolyte non aqueux selon la revendication 1 , dans lequel 

ledit collecteur d'electrode positive est constitue d'un materiau d'au moins un type choisi parmi I'aluminium, 
I'atier inoxydable et le nickel. 

10. Accumulateur secondaire a electrolyte non aqueux selon la revendication 1, dans lequel 

ledit collecteur d'electrode negative est constitue d'un materiau d'au moins un type choisi parmi le cuivre, 
I'acier inoxydable et le nickel. 
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11. Accumulateur secondare a electrolyte non aqueux selon la revendication 1, dans lequel 

(edit accumulateur secondaire a electrolyte non aqueux contient un electrolyte non aqueux prepare par dis- 
solution d'un electrolyte dans un solvant non aqueux, et 

ledit solvant non aqueux est constitue d'un materiau d'au moins un type choisi parmi le carbonate de propylene, 
le carbonate Methylene, le 1 ,2-dimethoxyethane, le 1 ,2-diethoxyethane, le carbonate de dlethyle, la y-butyro- 
lactone, le tetrahydrofurane, le 1, 3-d ioxo lane, le 4-methyl-1 ,3-dioxolane, le diethylether, le sulfolane, le me- 
thyls ulfolane, I'acetonitrile et le propionitrile. 

12. Accumulateur secondaire a electrolyte non aqueux selon la revendication 11, dans lequel 

ledit electrolyte est un materiau d'au moins un type choisi parmi LiCI0 4 , LiAsF 6 , LiPF 6 , LiBF 4 , LiB(C 6 H 5 ) 4 , 
LiCI, LiBr, USO3CH3 et USO3CF3. 
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FIG.2 
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FIG.3 
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FIG.4 
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